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OntIT MOAEJIHPOBAHHfl IIPOIJECCA PACCEJIEHHfl 
PROTEOCEPHALUS PERCAE (CESTOIDEA: PROTEOCEPHALIDAE) 

b nonyjiflijHH okohhatejibhhx xo3Heb 

B. H). flKymeB, B. C. Hhjkob 

JIa6opaTopHH rejibMHHTOJiorim AH CCCP, MocKBa 

B Teaemie jspyx jieT H3yaajiacb cncTeMa oKyHB—npoTeon;e<J)aJiK)c b jspyx BOftoeMax, pa3Jin- 
aaioiAnxca no tpo$hocth. Ha ocHOBe 3thx AaHHbix nocTpoeHa MaTeMaTH^ecKaa MOAeJib npon;ecca 
paccejieHHH H3yHaeMbix n;ecTOfl b nonyjiHAHH oKOHaaTejibHbix xo3HeB. 


Oahhm h 3 cymiecTBeHHHX acneKTOB npn H3yaeHnn napa3HTo-xo3HHHHLix cn- 
CTeM HBJineTCH ycTaHOBJieHne 3aK0H0MepH0CTen pacnpeAejieHHH oco6en napa3HTOB 
b nonyjiHn,HH xo3aeB. B nocneAHee BpeMH npn pa3pa6oTKe AaHHon npo6jieMLi Bee 
name HcnojiB3yeTCH MaTeMaraaecnoe onncamie napa3HTO-xo3HHHHBix CBH3en. 
PaSoTti b 3tom miaHe, BBinojiHeHHLie Tojljihcom h JlesTOHOM (Tollis, Leiton, 1969), 
Kpo<J)tohom (Crofton, 1971a, 1971b), IleHHHKBHK (Pennycuick, 1971), EpeeBBiM 
(1972, 1976), Oe^opoBBiM h JIacKHHBiM (1980), noKa3ajin, ara bo mhothx cjiyaaax 
pacnpeAejieHne napa3HTOB b nonyjiHn,HH xo3aeB Moa^eT 6 bitb onncaHo b BHAe He- 
raTHBHo-6nHOMHajiBHoro pacnpeAejieHHH. O^HaKo btot ran pacnpeAeneHna ona- 
3ajica He eflHHcraeHHBiM. Tan, KoHOBaaoB (1971) yKa3BiBaeT, ara pacnpeAeneHne 
njiepon,epKon,n;oB Diphyllobotrium sp. b pa3JinaHBix jioKajiBHBix CTaAax Hepan 
(Oncorhynchus nerka) b nepnoA ee Haryjia aBJiaeraa cjiyaanHBiM, t. e. MOAejinpyeraa 
3aKOHOM IlyaccoHa. 9ra me pacnpeAeneHne OTMeaaeT h EpeeB (1972) y napa3HTOB 
HeKOTopHX B03pacraBix rpynnnpoBOK aapacen. 

CaeAyeT OTMeraTB, ara (jaKraaecKHM MaTepnajiOM ajih MOAeanpoBaHna pacnpe- 
AejieHHH 3HAonapa3HTOB o6bihho cnyaraT coBOKynHocTB HaSjuoAeHnn, co6paHHaa 
3a npoAOJi>KHTejiBHoe BpeMH (nepnoA Haryjia, «jierann ce30H» n t. n.). 9ra b onpe- 
AejieHHon CTeneHn moh^t 6bitb ob^acHeHo TeM, ara Ao6Biaa n BCKpBirae CTaracraae- 
ckh penpe3eHTaraBHoro KOJinaecTBa a<HBOTHBix-xo3HeB 3a Koporane cpoKH (AeaaAa, 
Mecan;) HBjiaeTca cnoaraon, a aacra h HeBBinojiHHMon 3aAaaen. TeM caMBiM npnHn- 
MaeTca AonymeHne, ara HHBa3HOHHaa CHTyan;HH CTaraaHa bo BpeMeHn hjih no apan- 
Hen Mepe ara KapraHa pacnpeAeneHna 3a nepnoA Ha6moAeHnn He npeTepneBaeT 
cym;ecTBeHHBix H3MeHeHnn. MaTeMaraaecaaa npoBepaa 9Toro Aonym;eHHa HnaeM 
ne npoBOAHJiacB. HanporaB, b oSnjen $opMe xopomo H3Becrao, ara 3apaa<eHH0CTB 
xo3aeB He CTaSnnBHa bo BpeMeHn h MOH<eT 3HaanTenBH0 pa3nnaaTBca b pa3HBie 
nepnoAti roAa. 

9ra AaHHBie He MoryT 6 bitb ocTaBJieHBi 6e3 BHHMaHna npn pa6oTax no aaono- 
rnaecaoMy MOAennpoBaHnio. Ilpn btom b nepByio oaepeAt nccjieAOBaTejiB nonyaaeT 
AonojiHHTejiBHBie paSoane rnnoTe3Bi, KOTopBie npn aHajiH3e CTaTHKH pacnpeAeneHna 
napa3HTOB MoryT ocTaTBca BHe BHHMaHna. H3 ancjia Taanx rnnoTe3 otmcthm abo: 
1) TeoperaaecKH AonycraMO, aTO ce30HHBie H3MeHeHna 3apa>aeHHocra xo3aeB mo- 
ryT 6 bitb BBipaaseHBi nanon-naSo MaTeMaraaecaon ^yHaijnen, nocKOJiBKy b ocHOBe 
arax H3MeHeHHH nea^aT npon;eccBi, HMeiomne 3aKOHOMepHyio $opMy; 2) Teoperaae- 
ckh AonycraMO, aTO pacnpeAeneHne napa3HTOB oahoto BHAa b ran me caMon nony- 
jihijhh ab^hhhthbhbix xo3aeB b pa3HBie ce30HBi roAa SyAeT HMeTB pa3JinaHoe MaTe- 
MaTnaecKoe BBipaa^eHne. 
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flaHHaa paSoTa nocBHiAGHa npoBepne nepBOH H3 hphbgaghhbix BBime rmiOT63. 
CooTBeTCTBeHHO ochobhoh 3aAaaGH pa6oTH 6yAGT aHajiH3 ce30Hm>ix H3MeHeHHH 
b paccejieHHH napa3HTOB b npGAeJiax 3aMKHyTBix nonyjiHAHH xo3hgb. 

B oSmen $opM6 hohhthg «paccejieHne» b AaHHOH paSoTe npHHHMaGTca b Tpan- 
TOBKe ToBapAa (Howard, 1969) h Kojih (1979), Kan npocTpaHCTBemioe nepeMememie 
opraHH3MOB b xoao OHToreHe3a ao MecTa, rAe npoH30HA©T (hjih 6yAGT noTeHijHajiBHO 
bo3mo>kho) hx pa3MH0>K6HH6. OijeHHBaH pojil npoi],6ccoB paccejieHHH, Kojih noA- 
aepKHBaeT, hto «choco6hoctl k paccejieHHH) onpeAGJiaeT maHCBi BHAa Ha BBDKHBaHHG 
He b mghbihgh CTeneHH, aeM choco6hoctb k pa3MHO>KGHHio h npoAOJiaurrejiBHocTB 
>KH3HH 0 C 06 h» (KOJIH, 1979, C. 98), H C 3THM HeJIL3H He COrJiaCHTLCH. KeHHeAH (1978) 
oSpamaeT BHHMaHne Ha to, hto y napa3HTHaecKHx opraHH3MOB paccejieHne nrpaeT 
oco6ghho Baamyio pojil, nocKOJiBKy HaA hhmh «hoctohhho bhcht yrpo3a ape3Mep- 
Horo 3apa>KeHHH xo3hgb», hto, Kan H3BecTHO, mohcgt BecTH hjih k rnSejm xo3HHHa 
3a chgt napa3HTapHoro $aKTopa (BMecTe c HacejiaioiAGH ero rGMHnonyjiHAHGH napa- 
3 htob), hjih k peajiH3an;HH «3(|)(|)6KTa CKyaHBaHHH» c cooTBGTCTByioiAHM ymeTeHneM 
pa3MepoB h penpoAyKTHBHOH cnocoSHOCTH oco6en napa3HTOB, hjih k yBGJiHHGHHio 
bo3mo}khocth 3JiHMHHaH,HH KpynHLix reMHnonyjiHH,HH napa3HTOB b cjiyaae cejien- 
THBHOrO OTJIOBa CynepHHBa3HpOBaHHLIX X03HeB. IIpH 3TOM KeHHeAH CneiJHaJILHO 
ocTaHaBJiHBaeTca Ha tom, hto napa3HTHaecKHe opraHH3MBi, homhmo paccejieHHH 



Pec. 1. TeopeTEHecKHH h 3 MnHpHHecKHH rpacJniKH npoijecca paccejieHHH b 03. OcTep (Ha6jnoAeHHfB 

1978 r.). 

I — TeopeTHqecKan kphbeh; 2 — BMimpuHecKan KpHBan. 

b npocTpaHCTBe, «aoji>khbi oSjiaAaTB chocoShoctbio paccejiHTBca bo BpeMeHH h 
nepe>KHBaTB nepnoABi HeSjiaronpnaTHBix KJiHMaTHaecKnx ycjiOBHH b o>KHAaHHH hx 
yjiyameHHa hjih Haxo>KAGHHH hoboto xo3anHa» (KeHHeAH, 1978, c. 21). HeTpyAH© 
bhagtb, hto nocjieAHee nojio>KGHHe mo>kgt 6bitb npHHHTO b KaaecTBe o6ocHOBaHna 
n;ejiecoo6pa3HOCTH npoBepKH rnnoTe3Bi o HajiHHHH B3aHMOCBH3H MG>KAy paccejie- 
HHeM reJIBMHHTOB H TOAOBOH AHKJIHHHOCTBIO. 

B HacToaiAefi paSoTe Ha npnMepe chctcmbi OKyHB— Proteocephalus percae 
CAejiaHa nonBiTKa agtb MaTeMaTHaecnyio xapaKTepncTHKy ocoSeHHOCTeH npon;ecca 
paccejieHHH rejiBMHHTOB b nonyjiHAHH OKOHaaTejiBHBix xo3aeB b pa3JiHHHoe BpeMa 
roAa h Ha ocHOBe 3Toro nocTpoHTB MaTeMaTHaecayio moagjib aghhoto npon;ecca. 

CncTeMa OKyHB—npoTeon;e(J)ajiioc nccjieAOBajiacB b AByx BOAoeMax Mgabgjkbg- 
ropcKoro p-Ha KACCP. Oahh H 3 hhx — 03. OcTep — no cbohm xapaKTepncTHKaM 
M0>K6T 0BITB OTHeceH K MG30Tp0(|)HBIM HeHTpaJIBHO-IAeJIOHHBIM. BTOpoe — 03. JleBrH — 

k ojiHroTpo(|)HBiM M63oaiiHAHBiM BOAoeMaM (Cajia3KHH, 1976). 3a 2 roAa (1978 h 
1979) MeTOAOM nopAnajiBHoro bckpbithh 6bijio nccjieAOBaHO 2480 3K3. oKyHH, 
H3 hhx 1711 3K3. — H3 03. OcTep h 769 — H3 03. JleBrH. 3a noKa3aTejiB paccejie¬ 
HHH rejiBMHHTOB 0BIJIO npHHHTO H3MeHeHHe 3KCT6HCHBH0CTH HHBB3HH, T. e. H3M6HG- 
Hne npon;eHTHOH aacra nonyjiHAHH OKyHen, 3apaa^eHH0H AGCTOAaMH. Co6paHHBiH 
MaTepnaji pa36HBajica noAOKaAHO h ctpohjich rpa<|)HK H3MeHeHHH 3apa>K6HH0CTH 
Pbi6. B cjiyaae HGAOCTaTOHHOH CTaTHCTnaecKOH AOCTOBepHOCTH MaTepnajia b HeKOTO- 
pBie AGHaABi npoBOAHJiocB HHTGpnojmpoBaHHe (ryTep, Obhhhckhh, 1962). 

J],HHaMHKa 3apa>KGHH0CTH OKyHH b 03. OcTep b nGpBBiH ro a HCCJiGAOBaHHH no- 
Ka3aHa na pnc. 1. Haaajio hoboto 3apaaceEHH npnxoAHTCH Ha aBrycT. B hto me 
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BpeMH Ha6jno 1 n;ajiaci> n MHHHMajibHaa cpeftHaa hht6hchbhocti> HHBa3HH (1.9 3K3. 
n^ecTOji; Ha oco6b xo3HHHa); Bee o6Hapy>KeHHLie b 3tot nepnoji; i^ecTO^Li HaxoflHjincb 
ea CTaftHH njiepoi^epKonfta. 

B nocjieAyion^HH nepnoji; H3MeHeHne 3apa>neHH0CTH xapaKTepn30Bajioci> AByMa 
ochobhlimh TeH^eHipiaMn: nocTeneHHLiM yBejinaeHHeM nojinaecTBa h^ctoa b na>K- 
.HOH ptiSe h nocTeneHHLiM yBejinaeHneM cpe^Hero pa3Mepa napa3HTOB. MaKCHMajit- 
Horo 3HaaeHna noKa3aTejii> paccejieHna npoTeoije^ajiiocoB b nonyjiaipra onyHen 
,n;ocTHr b Mae—nioHe cjieftyiomero ro,a;a. B 3 to BpeMa n;ecTO,n; o6HapynuiBajiH y 77% 
o6cjie,n;oBaHHLix pli 6; cpe^Haa aiHTeHcnBHocTB HHBa3Hn, cpaBHHTejitHO c HaaajiOM 
3apa>KeHna, 6mia 3HaanTejibH0 BLime (11.8 3K3.). H Bee ijecTOflLi Slijih nojiOB03pe- 
jilimh. Haamma c niOHa noKa3aTejin 3KCTeHCHBH0CTH h hht6hchbhocth HHBa3HH 
HaanHaiOT pe3Ko na,o;aTb hkI AeKa^e aBrycTa nonyjiaipia onyHen y?ne hojihoctbio 
CB o6o,n;Ha ot HHBa3HH. 

Ha npnMepe MaTepnajia, coSpaHHoro b nepBLin roA nccjieAOBaHna, paccMOTpnM 
cnoco6 MOftejinpoBamia H3yaaeMoro npon;ecca. 

Ilpn 3MHHpHaeCKOM H3yaeHHH (JyHKIJHOHajIBHOH 3aBHCHMOCTH OftHOH BeJIHHHHLI 
(F) ot ftpyron BejinanHLi (X) npon3BO,n;aT pa,a; H3MepeHHH BejinanHLi Y f npn pa3- 
jihhhlix 3HaaeHnax BejinanHLi X.. 

3a,n;aaa 3aKjnoaaeTca b aHajinraaecKOM npeACTaBjiemiH hckomoh (^ymupioHajib- 
hoh 3 aBHCHMOCTH, t. e. b noflSope $opMyjiLi, onncLiBaiomen 3MnHpnaecKHe pe3yjii>- 
TaTLI 

Y = (X, A 0 A lt A 2 , .... AJ, ( 1 ) 

bha kotopoh 3apaHee H3BecTeH H3 TeopeTnaecKnx cooSpa^Kemm. IlapaMeTpLi A 0i 
A ± , . . . A n Hejib3a onpe,u;ejiHTb tohho no SMnnpnaecKHM 3HaaeHHHM (^ymopm 
Y 1? Y 2 , . . . Yn, Tan Kan nocjieftHne coji;ep>KaT cjiyaamiLie odih6kh. Peat n,n;eT 
tojibko o nojiyaeHHH AocTaToaHO xopomnx on;eHOK hckomlix napaMeTpoB. 

MeTOA HaHMeHBmHX KBa^paTOB no3BOjiaeT nojiyaHTb HecMem;eHHLie h coctoh- 
TejibHLie on;eHKH napaMeTpoB A 0 , A l9 . . . A n h yTBepn^aeT, hto HanSojiee BepoaT- 
hlimh 3 HaaeHnaMH napaMeTpoB Sy^yT Tanne, npn KOTopbix cyMMa KBajjpaTOB otkjio- 
HeHHH SyneT HaHMeHtmen, t. e. 

v 

2 !*'<-/(*<. A, .4,)]* = min. (2) 

*-l 

B ftaHHOM cjiyaae (HanSojiee aacTOM) 3 th napaMeTpbi bxoaht b $opMyjiy (1) 
jnmenHO n oh^hkh napaMeTpoB, nojiyaaeMLie no MeTOfty HanMeHbmnx KBajjpaTOB, 
aBjiaiOTca Taione n 3$(|)eKTHBHLiMH. 

Ilpn 3 tom npeftnojiaraeTca, hto H3MepeHna 3HaaeHnn ^yHKn^nn Y 1 . Y 2 , . . ., 
Yn npoH3Be,n;eHLi He3aBncnMO Apyr ot Apyra n aTo odihSkh H3MepeHnn no^anHaiOTca 
HopMajibHOMy 3anoHy pacnpeAejieHHH. B stom cjiyaae ncnoMaa cfryHKipiH MO>neT 
6 litb 3anncaHa b Bn,n;e 

y = A# (X) + A m (X) + ... + A n?n (X), ( 3 ) 

r,n;e cp 0 (X), cp x (X), . . % (X) — 3 aaaHHLie (^yrnmnn. Ilpn ycjiOBnn, aTO $yHK- 
n;nn cp 0 (X), cp x (X), . . c p n (X) o6pa3yiOT opToroHaanHyio cncTeMy ,u;aa MHO>necTBa 
Toaen X 1? X 2 , .... X n9 t. e. jjjih hhx BLinoaHaeTca cooTHomeHne 

N 

< 4 ) 

k—l 

npn j=^=i(i 9 7=0, 1,. . .. n). Tor^a on;eHKa napaMeTpoB $opMyjiLi (3) cym;ecTBeHHO 
ynponi;aeTca, a hmchho 3 ,n;ecb HMeiOT MecTO HBHLie (JopMyaH ,u;aa on;eHOK 

N 

a j = TT 2 ■ ( 5 ) 

3 k=l 

rse H .= 2 ?j ( X k) n P H (/ = 0> 1» 2,.. n). 

k =l y 

PaccejieHne rejibMHHTOB b opraHH3Me xo3anHa aBjiaeTca nepno^naecKH hobto- 
paion^HMca npon;eccoM (pnc. 1,2). HosTOMy bo3mo>kho npe,n;nojio>KeHHe 3 aTo hcko- 
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Man (JjyHKIJHOHajILHaH 3aBHCHM0CTL HBJiaeTCH TBK>Ke nepHOftHHeCKOH, C liepHOflOM 
noBTopeHHH (7 1 ), paBHHM oflHOMy KajieHflapHOMy roAy. B 3tom cjiyaae ee mohoio 
npe^CTaBBTL b BHAe TpnroHOMeTpnaecKoro nojiHHOMa 


m 

Y = 7 y -|- (-^4 j • cos /coX —j— Bj • sin /coX), 

J -1 


( 6 > 


2 % 

r^e to = — , 

KOTopHH oSjiaAaeT cbohctbom nepnoAnaHOCTH, aTO AaeT bo3mo>khoctb nporH03H- 
poBaTL npoijecc paccejiemiH. 3AecL paccMaTpnBaeTca tojilko tot cjiyaan, norAa 
Bee 3HaaeHna $yHKii,HH Y k H3MepeHti c oAHHaKOBon ToaHocTBio n Bee 3HaaeHna apry- 
MeHTa aBjiaioTca paBHOOTCToamnMH. Ilo3TOMy mo>kho canTaTB, aTO 

T 

X k = —K , ta6 X = 0, 1, 2, N — 1. 


IIpeo6pa30Bi>iBaa $opMyjiy (6), nojiyaaeM, aTO npon,ecc paccejiemia H,ecTO& 
P. percae b nonyjiaijHH onyHa b 03 . OcTep b nepBBin toa nccjieAOBaHna 6yAeT annpo- 
KCHMnpoBaTLca TpnroHOMeTpnaecKOH $yHKU,Hen h hmctb cjieAyiOEAyio $opMyjiy 
^ k = A 0 —j— Ai cos coX —J— jh i sin coX —j— -<42 cos 2coX —}— B 2 sin 2coX —j— 

-j— A% cos 3coX B 3 sin 3coX —J— A 4 . cos 4coX -j- B 4 sin 4coX. (7) 

CacTeMa (JymajHH cp^.(X) 

cos wX, sin co X, cos 2(oX, sin 2coX, cos 3coX, cos mwX, sin mcoX, 
rAe ^— 

HBJiaeTca opToroHajiLHon Ha MHoa^ecTBe Toaen Z 0 , X ± , . . n no9TOMy K09(|)~ 

4)HH,HeHTBi $opMyji (6) h cooTBeTCTBeHHO (7) BLiancjiaiOTca no $opMyjiaM 

N —1 

2 

A j = -/V Y k • cos ;<oX fc ( 7 = 0 , 1, .. m) 

. '- 1 (8) 

Yk ' (/ = 1 - 2, .... m), 

fc=0 

r fl e X k = -j?‘ K. 

Pemaa cncTeMy ypaBHemm (8), HaxoAHM ipnJjpoBoe 3HaaeHne Koa^nipieHTOB 
(PyMnmcKHH, 1971). IIojiyaeHHoe ypaBHeHne h npHBaa, nocTpoeHHaa no 9TOMy 
ypaBHeHHio, n 6yAyT hbjihtlch MaTeMaTnaecnon moacjibk) nccjieAyeMoro npo- 
n,ecca (pnc. 1). 

B Tex cayaaax, norAa b naaecTBe TeopeTnaecnon $opMyjiBi ncnojiL3yeTca mhoto- 
ajieH, B03HHKaeT 3aAaaa BBiSopa onTHMajiBHon CTeneHn nojiHHOMa: MHoroajieH 
cjinmnoM HH3KOH CTeneHn 6yAeT AaBaTB cjihihkom rpy6oe onncaHne 9MnnpnaecKoro 
MaTepnajia, a hojihhom cjihihkom bbicokoto nopaAKa (6jiH3Koro k ancjiy N —1, rAe 
N ancjio 9KcnepnMeHTajiBHBix Toaen) He 6yAeT crjianoiBaTB «myM» 9KcnepnMeHTa, 
t. e. Ha ero Koa^nipieHTax 6yAyT chjibho cKa3BiBaTBca oihhSkh, BBi3BaHHBie 
OTKjiOHeHHHMH hcxoahbix AaHHBix. B aacTHOCTH, ecjin CTeneHB MHoroajieHa paBHa 
N —1, to hojihhom tohho onHCBiBaeT Bee tohkh h, 3HaaHT, coxpaHaeT Been «myM» 
9KcnepnMeHTa. 

IIpaBHJio BBi 6 opa onTHMajiBHoro nopaAKa TpnroHOMeTpnaecKoro nojiHHOMa 
ocHOBaHO Ha AonyiAeHHH, hto paccMaTpnBaeMaa $yHKH,na MO>neT 6 bitb ToaHO 
npeACTaBJieHa TpnroHOMeTpnaecKHM hojihhomom BHAa 

m 

Y = —— -f ’/ x (A , cos /coX -f- Bj sin /coX), 

2tz n. , 

rAe <o = —, npn HenoTopoM nopaAKe m = m 0 ^ 1 , 
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h hto H 3 MepeHHLie 3 HaHeHHH (JjyHKipra Y k co^epmaT tojibko cjiyaaimbie ohihSkh. 

OTHocuTejibHo omnSoK npe^nojiaraeTCH, hto ohh He 3 aBHCHMbi h caeflyiOT o^HOMy 
h TOMy me 3 aKOHy HopMajibHoro pacnpe,n;ejieHHH c flHcnepcneH a 2 (paBHOTOHHLie 
H3MepeHHH ). 

Bee 3 HaHeHHH apryMeHTa X k hbjihiotch paBHooTCToanpiMH, Tan hto mo>kho chh- 
TaTb, HTO 



npn 3 tom, nan yme roBopnjiocb Bbime, oh^hkh napaMeTpoB Aj h Bj paccHHTUBaiOTCH 
no cncTeMe $opMyji ( 8 ). 

IIpn yKa 3 aHHbix ycjiOBnnx ohihOkh napaMeTpoB A h B Tome caeflyioT HopMajib- 
HOMy 3 aKOHy pacnpeAejieHHH c ijeHTpoM One ftHcnepcnaMH 


2a 2 

N 


7 = 1 , 2 , 


3, ... 


4a 2 

N 


7 = 0. 


(9) 


CyMMa KBa^paTOB OTKJiOHeHHH H 3 MepeHHbix 3 HaneHHH $yHKii;HH Y k ot pacneT- 
abix BbinncjineTCH no <{)opMyjie 



*=0 


2 ( A j cos ju>X k -)- B . 


H2 


, sm 


>=i 


jv-i 


- 2 ( y >- 

k=(\ 


¥f 





( 10 ) 


Tan hto yBejinaemie nopn^Ka TpnroHOMeTpnnecKoro nojinHOMa Ha eflHHHijy yMeHb- 
maeT cyMMy KBa^paTOB OTKJiOHeHHH S m Ha BejinnnHy 

~2~ ( A li +1 + B m+l)- 


0 THomemie cyMMbi KBa^paTOB OTKjiOHemm (10) k nncjiy N — 2m — 1 npn jiio6om 
m ^ m 0 HBjineTCH HecMenjeHHOH n cocTOHTejibHon oh^hkoh Ancnepcnn omnSon a 2 ^ 
t. e. npn ^ocTaTOHHO Sojibihom nncjie N—2m 0 — 1 mo;kho CHHTaTb,, hto 


N — 2m 0 — 1 ^ N — 2m 0 — 3 


9to oScTOHTejibCTBO cjiy>KHT ocHOBaHneM ,h;jih cjiejiiyiomero npaBHJia. IIoBbimaTb 
nopa^OK no^OnpaeMoro nojinHOMa HymHO ao Tex nop, nona OTHomeHne cyMMbi 
S m k nncjiy N — 2m — 1 He nepecTaHeT 3aMerao yObiBaTb. To 3HaaeHne m=m 0 , 
nocjie KOToporo oto 3HaaeHne npaKTnaecKH nepecTaeT yObiBaTb, ,o;aeT onTHMajibHbiH 
nopa^OK npnMeHaeMoro MHoroajieHa. 

Ha ocHOBaHHH H 3 Jio>neHHoro Bbime npaBHJia npoBe^eM HeoOxo^HMBie pacaeTM 
flJia nojiyaeHHbix hbmh ,o;aHHbix b nepBbifi roA nccae^OBaHHa cncTeMbi onyHb—npo- 
TeoijetJmjnoc 03 . OcTep h onpe^eanM onraMajibHyio CTeneHb nojinHOMa. 

C noMonjbio aaropnTMa ( 8 ) Haxo^HM napaMeTpbi 


flaaee noAcaHTbiBaeM 


A 0 = 69.43 


A 1 = —12.6 

B 1 = —18.75 

^4 2 = —16.71 

5 S = — 7.97 

A 3 = — 5.64 

B s ,= 3.74 

A 4 = - 0.01 

Bt= 3.1. 

cyMMbi KBa^paTOB 

OTKJiOHeHHH 

35 

35 


CO 

1 

II 

k=0 

k—0 

36 „ 

36 

= S Q — 2 (^1 + ^ 1 ) 

S 2 — S x — ~2~ ( 


( A 2 + B l) 
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S 3 == S 2 — 2 ( A l+ B l) - *^3 — 2 ( A l~r B 4)- 

3Haaeima KBa^paTOB OTKJiOHeHHH npe^CTaBJieHH b Ta6ji. 1. TaKHM o6pa30M, nojiy- 
aaeM, hto 

5 0 = 16408.35 S 3 = 229.0 

S 1= = 7222.54 56 . 02 . 

S 2 —— 1053.20 

g 

CpaBHeHne OTHomemin __ __ 1 Aae t caeAyiomHe pe3yjn>TaTf>i 

6 \ S, 7222.54 

36 —2 • 1 — 1 = " 33 " = 33 = 218 - 86 

5 2 S 2 1053.2 

36 — 2 ■ 2 — 1 — 31 = = 33 ' 97 

5 3 S 3 229.0 

36 — 2 • 3 — 1 = 29 = ~~29~ = 7,9 

51 S t 56.02 

36 — 2 • 4 — 1 = 27 = — 2T~ = 2 1 • 

T a 6 ji n n; a 1 


fleKaAbi 

(K) 

Y k 

( r -4) 

0-4)’ 

flenaAbi 

(K) 

Y k 

4-4) 

4-4)’ 

0 

0.5 

—34.21 

1170.32 

18 

36.00 

1.29 

1.66 

1 

2.04 

—32.67 

1067.33 

19 

36.70 

1.99 

3.96 

2 

7.92 

—26.79 

717.70 

20 

37.50 

2.79 

7.78 

3 

6.58 

—28.13 

791.30 

21 

39.25 

4.54 

20.61 

4 

4.0 

—30.71 

943.1 

22 

41.75 

7.04 

49.56 

5 

10.33 

-24.38 

594.38 

23 

45.00 

10.29 

105.88 

6 

17.39 

—17.32 

299.98 

24 

50.00 

15.29 

233.78 

7 

23.0 

—11.71 

137.12 

25 

58.60 

23.89 

570.73 

8 

26.75 

—7.96 

63.36 

26 

68.50 

33.79 

1141.76 

9 

30.00 

—4.71 

22.18 

27 

74.50 

39.79 

1583.24 

10 

32.50 

—2.21 

4.88 

28 

76.00 

41.29 

1704.86 

11 

33.75 

0.96 

0.92 

29 

74.00 

39.29 

1543.70 

12 

35.00 

0.29 

0.80 

30 

66.67 

31.96 

1021.44 

13 

36.00 

1.29 

1.66 

31 

58.00 

23.29 

542.42 

14 

36.50 

1.79 

3.20 

32 

43.50 

8.79 

77.26 

15 

36.50 

1.79 

3.20 

33 

25.00 

—9.71 

94.28 

16 

36.00 

1.29 

1.66 

34 

7.28 

—27.43 

752.40 

17 

35.70 

0.99 

0.98 

35 

1.10 

—33.61 

1129.63 


CpaBHeHne oTHomemm noKa3HBaeT, aTO y6HBaime 3 thx OTHomeHHH npeKpam;a- 
eTCa npn m= 4. Cjie^OBaTejitHO, onTHMajitHHH nopa^OK TparoHOMeTpnaecKoro 
nojiHHOMa ecTt m 0 = 4. 

Ilpn 3tom on,eHKa ,o;hc nepcnn o 2 jjaeTca BejmaHHOH 



Cjie^OBaTejiLHO, cpe^Haa KBaflpaTHaHaa omaGna b onpefleaemm Koa<f)<f)Hi],HeHTOB 
A 2 , B 2 , A 3 , B 3i A a , cocTaBaaeT BeaaaiiHy nopa^na 


l/ 2g2 _ }/ 2 • 2 ~! 
f' TV 36 


= 0.34. 


IIo3TOMy n,eaecoo6pa3HO onpyranTt HaafleHHoe 3Haaemie napaMeTpoB ,n;o 0.1, hto 
npHBOflHT k caeflyiomeH (JopMyae 

Y (X) = 34.7 — 12.6 cos uX — 18.75 sin coX — 16.7 cos 2wX — 8.0 sin 2a>X — 5.6 cos 3coX -f- 

-f- 3.7 sin 3coX -f- 3.1 sin 4a)X. 
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AHajiornHHLie pacaeTbi 6lijih npoBe^eHH ^jih Bcex ocTajibHBix kphblix, npn 
3tom Taione 6bijio nojiyaem) onTHMajibHoe 3 HaaeHne nopa^Ka TpnroHOMeTpnae- 
CKoro MHoroajieHa m 0 — 4 . 

B to me Bp8Ma HyaoiaH CTeneHb nojiHHOMa onpeAejiaeTca Tanme h HOCTaHOBKOH 
saAaa nccjieAOBaHHH. B cayaae npHMeHeHHH MHoroaneHa Sojibihoh CTeneHH Teope- 
maecKaa KpnBaa 6yAeT dobtophtb Te me oihh6kh, hto h BMnnpnaecKaH. B pe 3 yjib- 
TaTe TepaeTca Becb cmbicji annpoKCHMnpoBaHHH. Ilpn btom B 03 pacTaeT o6beM pacae- 
tob. IIpHMeHeHHe nojiHHOMa hh3koh CTeneHH He no3BOJiaeT bhhbhtb HenoTopbie 
3aKOHOMepHOCTH B H3M6H8HHH H3yaaeMOTO HpOIjeCCa B CHCTeMe napa3HT—X03HHH. 
B btom cayaae MHorne H 3 MeHeHna, nponcxo^amne b npoijecce paccejieHna h oto- 
6 pa>KeHHbie Ha aMnapnaecKOH kphboh, BbipaBHHBaiOTCa, aTO He BcerAa y^OBJieTBO- 
paeT nocTaBJieiiHbiM 3aAaaaM. 

AHajiH3 AaHHbix no CHCTeMe OKyHb—npoTeou;e(f)ajiK)C H3 03. OcTep, nojiyaeH- 
Hbix Ha cjieAyiom;HH toa, HOKa3biBaeT, hto H3yaaeMbiH npoijecc HMeeT Te me xapan- 
TepHbie aepra, aTO h b npeAHAynpiH nepnoA. H cooTBeTCTBeHHO ajih ero MaTeMa- 
TnaecKoro onncaHna mo>kho npnMeHHTb TpnroHOMeTpHaecKHH hojihhom (pnc. 2). 



Phc. 2. TeopeTiiaecKim h BMirapPiaecKiiH rpa^HKii npou,ecca paccejiemra b 03 . OcTep (Ha6jiK)AeHHH 

1979 r.). 

05o3HaqeHHH TaKne me, KaK h na pnc. 1. 


PacaeT K03(|)$HH;HeHT0B npoBeAeH Tan a^e, nan h b Bbime onncaHHOM cayaae. LJmj)- 
poBbie 3HaaeHna napaMeTpoB npn btom OTjinaaiOTCa ot TaKOBbix, HaiiAemibix b npe- 
AbiAyni;eM cayaae. OAHano AaHHbie cpaBHeHna kphbbix. nojiyaeHHbix 3a ABa roAa 
HCCJieAOBaHna, HOKa3HBaiOT, aTO caM xapaKTep npopecca paccejieHna H3yaaeMbix 
napa3HTOB He h3M6hhjich. CpaBHeHne npoijeccoB paccejieHHH pecTOA P- percae 
npoBOAHJiocb no annpoKCHMaii,HOHHbiM KpnBbiM. B btom cayaae HanSojiee hojiho 
mo>kho npnMeHHTb MaTeMaTnaecKHH annapaT a-^h cpaBHeHna. B to ace BpeMH, Kan 
yme yKa3HBajiocb Bbime, pa3JinaHbie OTKJiOHeHHH, Bbi3Bamibie omnSnaMH hcxoa- 
hhx AaHHbix h BbipameHHbie Ha BMHHpnaecKOH kphboh, npn annpoKCHMaijHH craa- 
miiBaioTCH h He HaKJiaAHBaiOT noSoaHbra 3(|)(|)eKT Ha xoa cpaBHeHna. 

H3 ycjiOBHH npoBeAeHHH nccjieAOBaHna hcho, hto KamAaa nojiyaeHHaa 3KCne- 
pnMeHTajibHaa Toana HBJiaeTca pe3yjibTaTOM ycpeAHemm 3HaaeHHH HenoTopon 
cepnn abhhbix. CooTBeTCTBemio KamAyio Toany nojiyaemiOH TeopeTnaecnon Kpn- 
boh mojkho canTaTb OToSpameHneM Ha cooTBeTCTByioipyio cepnio 3KCnepnMeHTajib- 
hbix 3HaaeHHH. TannM o6pa30M, npn HeoSxoAHMOCTn oijeHKH CTeneHH 3aBncnMOCTn 
nojiyaeHHbix TeopeTnaecKnx (|>opMyji MemAy co6on u;ejiecoo6pa3HO ncnaTb He toh- 
Hyio (|>yHKH;HOHajibHyio CBH3b, a KoppejiaijHOHHyio 3aBncnMOCTb MemAy hhmh, 
aacTHbiM cayaaeM KOTopoii HBJiaeTca 0AH03HaaHaa (fjyHKijHOHajibHaH 3aBncnMOCTb. 
B cbh3h c 3thm 3aAaaen KoppeaaAHOHHoro MeTOAa HBJiaeTca onpeAejieHne ancjio- 
boto KpnTepna a^h OH,enKH CTeneHH 6 jih30Cth KoppejiaijHOHHOH 3aBHCHMOCTH k $yH- 
KpHOHajibHOH (ko 3$$Hu;neHT KoppejiHAnn). 

Mbi orpaHHHHMca TOJibKO Teopneii jinHeiraoii KoppejiaijHH, hto b HarneM cayaae, 
Kan 6yAeT HOKa3aHO b AaJibHemneM, BHOJiHe AonycTHMO. 9 to 3HaanT, aTO mbi 6yAeM 
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pacc^HTLiBaTB KpirrepHH AJia oi^eHKH CTeneHH yKJiOHemra KoppejiaipiOHHOH 3a- 
BHCHMOCTH OT JIHHeHHOH (jjyHKipiOHaJIbHOH 3aBHCHMOCTH BH^a 


r 


M 


= M 


( X — X 



( 11 ) 


(3HaaeHHH Bxoftanpix napaMeTpoB SyAyT npHBe,o;eHbi moae). 

npn BLiBOAe npe,n;nojiaraeM, hto Bee napti 3Haaemm ( X k , Y k ) paBHOBepoaTHbi, 
aTO 3KBHBajieHTHO npe,n;nojiO}KeHHK), aTO Ka>K,a;aH napa 3HaaeHHH BCTpeaaeTca b Ta6- 
jran;e 3HaaeHHH (b 3KcnepnMeHTe) oahh pa3. B 3 tom cjiyaae o6o3Haaemia b $opMyjie 
(11) HMeioT cjie^yiomHe 3HaaeHHa 


M x 



2 x * ; 

k=-1 


My = Y = 


n 



k=l 


— MaTeMaTnaecKoe OHamamie Bejmaira X k , Y k hjih hx cpe^Hee 3 Haaemie, hjih u;eHTp 
pacnpeftejieHHa Bejraaira X h Y; Y x h X y — ycpenHeHHLie TeKymne 3 Haaemia co- 
OTBeTCTBeHHO Bejmaim Y h X\ 



(X% - *■) 


a 


y 



Y 2 ) 


— .uncnepcHH BejinanH X h Y\ 

n 

M„ = ±y,X k Y k -XY 

k —1 


— ijeHTpajibHLm MOMeHT pacnpe^ejieHHa. 

,3,jia yAo6cTBa AajibHefiniHx pacaeTOB 3aMeHHM X a Y Ha hx OTKJiOHeHHa ot 
cpeftimx X h Yj t. e. 

U = X — X 
V =Y-Y. 

B 3tom cjiyaae npuBefteirabie Bbirne BeJiaaaHH npirnyT cae^yioii^HH bur 


n 



k=z 1 


U,v 


k y k . 


2 u% 



h, oaeBHAHO, aTO o x =g u . a g^=g v . 

pacaeTa Bcex Heo6xo,n;HMbix BejinanH, BxoAamnx b ypaBHemie (11), co- 
CTaBjieHbi BbiaacjiHTejibHbie Ta6jmn;bi (Ta6a. 2). 

Ha oCHOBaHHH 3 thx TaOjimi; h npHBe,o;eHHbix Bbirne $opMyji 6 bijih paccairraHbi h 
nojiyaeHbi cjie^yiomHe 3HaaeHna Tpe6yeMbix Bejmaira, HeoOxoAHMbix AJia cpaBHe- 
HHa KpnBbix npou;ecca paccejiemia, nojiyaeHHbix 3a ABa ce30Ha nccjieftOBaima AaH- 
HOH CHCTeMbl. 

Mrr = 456.76 
<>2 = 4 = 455.4 
c u = = 2 1.34 X = 34.65 

cj = oj = 470.02 Y = 33.71. 

G v = Q y= 21 « 68 

OTcio^a K03(|)(|)Hi];HeHT Koppejiaa;HH paBeH 

456.76 

r = "^7 = 21.34 • 21.68 =0 - 98 - 
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T a 6 ji n u; a 2 


K 

Xjc 

U k = X k -X 

Y k 

£ 

II 

s 

1 

>< 

Ujc • V k 

Vl 

vi 

0 

0 

—34.65 

0 

—33.17 

1149.3 

1200.6 

1100.2 

1 

1.05 

—33.6 

0.68 

—32.49 

1091.7 

1128.9 

1055.6 

2 

2.00 

—32.65 

3.19 

—29.98 

978.8 

1066.0 

898.8 

3 

5.62 

—29.03 

5.45 

—27.72 

804.7 

842.7 

768.4 

4 

9.60 

—25.05 

7.33 

—25.84 

647.3 

647.3 

667.7 

5 

13.30 

—21.52 

9.44 

—23.73 

510.7 

463.1 

563.11 

6 

16.50 

—18.15 

12.69 

—20.48 

371.7 

329.4 

419.4 

7 

20.41 

—14.24 

17.42 

—15.75 

224.3 

202.8 

248.1 

8 

24.80 

—9.85 

23.40 

—9.77 

96.2 

97.0 

95.5 

9 

28.93 

—5.72 

29.61 

—3.56 

20.7 

32.7 

12.7 

10 

32.90 

-1.75 

34.87 

1.7 

-2.97 

3.1 

2.89 

11 

35.77 

1.12 

38.28 

5.11 

5.7 

1.25 

2.16 

12 

37.00 

2.35 

39.5 

6.33 

14.9 

5.52 

40.1 

13 

37.21 

2.56 

39.13 

5.96 

15.3 

6.5 

35.5 

14 

36.62 

1.97 

38.04 

4.87 

9.06 

3.9 

23.7 

15 

35.84 

1.19 

36.66 

3.49 

4.2 

1.4 

12.2 

16 

35.70 

1.05 

37.03 

3.86 

4.1 

1.1 

14.9 

17 

35.67 

1.02 

37.31 

4.14 

4.2 

1.0 

17.1 

18 

36.24 

1.59 

37.53 

4.36 

6.9 

2.5 

19.0 

19 

36.93 

2.28 

35.45 

2.28 

5.2 

5.2 

5.2 

20 

37.64 

2.99 

36.02 

2.85 

8.5 

8.9 

8.1 

21 

38.56 

3.91 

35.41 

3.24 

8.8 

15.3 

5.1 

22 

40.62 

5.97 

36.46 

3.29 

19.6 

35.6 

10.8 

23 

44.23 

9.58 

40.52 

7.35 

70.4 

91.8 

54.0 

24 

50.44 

15.79 

48.04 

14.87 

234.8 

249.3 

221.1 

25 

57.83 

23.18 

57.99 

24.82 

575.3 

537.3 

616.0 

26 

66.64 

31.99 

68.34 

35.17 

1125.1 

1023.4 

1236.9 

27 

73.91 

39.26 

75.95 

42.78 

1679.5 

1541.3 

1830.1 

28 

77.34 

42.69 

78.18 

45.01 

1921.5 

1822.4 

2025.9 

29 

75.59 

40.94 

73.60 

40.43 

1655.2 

1676.2 

1675.3 

30 

68.3 

33.65 

62.48 

29.31 

986.3 

1132.3 

859.1 

31 

55.61 

20.96 

47.01 

13.84 

290.1 

439.3 

191.5 

32 

40.64 

5.99 

30.27 

—2.9 

—17.4 

35.9 

8.41 

33 

25.42 

-9.23 

15.63 

—17.4 

161.9 

82.5 

307.7 

34 

12.74 

—21.91 

5.24 

—27.93 

611.9 

479.6 

745.3 

35 

0.0 

—34.65 

0.0 

—33.17 

1149.3 

1200.6 

1100.2 


II p h m e h a H h e. X — 34.65; Y = 33.71; M = 465.76; = 21.34; a M = 21.68. 


TaKHM o6pa30M, 3HaneHHe Koa(|)(|)H:n,HeHTa Koppejiaipm 6jih3ko k 1, hto yna- 
3BiBaeT Ha CHJiBHyio KoppejinpoBaHHOCTB bbjihhmh X n Y, t. e. Ha cxo^hmoctb npo- 
ijeccoB paccejieHHH n,ecToji; P. percae b nonyjiHipiH oKyHen b a^hhom 03epe hjih HByx 
pa3HBix JieT. 

TenepB Heo6xoAHMO npoBepnTB 3HaHHM0CTB K03$$Hii;HeHTa KoppejiHipm r, 
t. e. npoBepnTB bo3mo>khoctb oTBeprHyTB rnnoTe3y o HeKoppejmpoBaHHOCTH pac- 
CMaTpHBaeMBIX BeJIHHHH, TaK KaK Aa>Ke flJIH He3aBHCHMBIX BeJIHHHH TeopeTHHeCKHH 
K03(|)(|)HI];HeHT KOppeJIHH,HH MOHjeT OKa3aTBCH OTJIHHHBIM OT 0, BCJie^CTBHe CJiyHaH- 
Horo paCCeHBaHHH pe3yJIBTaTOB H3MepeHHH. 3HaHHMOCTB K03$$HH,HeHTa KOppeJIH- 
ipm npoBepneTCH nyieM cpaBHeHHH aOcojiioTHon b6jihhhhbi TeopeTnaecKoro ko 3$- 
$HH,HeHTa KOppeJIHIi;HH, yMHOTKeHHOH Ha \Jn — 1 , C KpHTHHeCKHMH 3HaneHHHMH 

npn 3aAaHHon HafleHmocra BBiBOjja P. KpHTnaecKne 3HaneHHH npoH3Beji;eHHH 
| r | • \Jn— l=H h;jih pa3JiHHHBix 3HaneHHH BBiBojja P h pa3jiHHHBix BBi6opoK npn- 
Be,n;eHBi b cnpaBOHHHKe PyMmHCKoro (1971). 

Ecjih rjih . TeopeTHHecKoro K03$$Hii,HeHTa KoppejiHii;HH r npon3BefleHHe | r |x 
X\Jn —1 OKa?KeTCH 6oJiBme KpHTHaecKoro 3HaaeHHa H npn HenoTopoM P , to c Ha- 
EeamocTBio BBiBO,n;a P cjie^yeT OTBeprHyTB rnnoTe3y o HeKoppejmpoBaHHOCTH pac- 
CMaTpHBaeMBIX BeJIHHHH. 

B HameM cjiyaae 

| r | . v'TZTT = 0.98 • 36 — 1 = 5.80, 

hto 3HaHHTejiBHO npeBBimaeT KpnTHHecKoe 3HaneHHe (3.102) npn HafleamocTH 
0.999, T. e. K03(j)(j)HI];HeHT KOppeJIHH,HH HBJIHeTCH 3HaHHMBIM. 
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TaKHM o6pa30M, npHBe^eHHue BHine pacneTBi noKa3HBaiOT, hto xapaKTep npo- 
pecca paccejieHHH pecToji; P. percae b nonyjinijHH OKyHea b 03. OcTep b pa3HHe to^h 
He MeHHeTCH (ro^— 0.98). 1 

PaccMaTpHBan cncTeMy onyHB—npoxeope^ajiioc H3 03. JleBrn, bhahm, hto b 3tom 
B o,n;oeMe KapraHa H3MeHeHHH 3apa>KeHHOCTH OKyHea Tanan >Ke, nan h b 03. OcTep. 



Pnc. 3. TeopeTHHecKHH h 3 MnnpnHecKHn rpa$HKH npou,ecca paccenemiH b 03. JleBrn (Ha6jiio 1 neHHH 

1978 r.). 

06o3HaHeHHH TaKHe >Ke, KaK h Ha pnc. 1. 


HanaJIO HOBOH HHBa3HH HpHXOftHTCH Ha OCeHB. 3HMOH aKCTeHCHBHOCTB HHBa3HH 
pacTex h BecHOH ftocTHraex HanSojiBinero 3HaneHHH. B niojie HHBa3npoBaHHBie 
ocoSh OKyHen y>ne He BCTpenaioTCH. OTJiHHne chctcm OKyHB—npoTeou;e(|)ajiioc H3 
jjByx BO^oeMOB 3aKJiioHaeTCH b cjieflyiomeM: OKyHH H3 03. JleBrn 6 ojiee npo,n;oji>KH- 
TejiBHoe BpeMH cbo6oji;hbi ot HHBa3HH ijecTO^aMH P. percae. 



Pnc. 4. TeopeTHaecKHH h aMnnpHHecKnn rpa^HKH npon,ecca paccejieHHH b 03 . JleBrn (Ha6jiio 1 neHHH 

1979 r.). 

OSosHaneHHH Tanne >«e, Kan h Ha pnc. 1. 

TaKHM o6pa30M, npoijecc paccejieHHH H3ynaeMBix h^cto^ b nonyjiHipm oKyHen 
03. JleBrn, Tan >Ke nan h 03. OcTep, mo>kho onncaTB TpnroHOMeTpHHecKHM hojihho- 
mom neTBepToro nopnaKa (pnc. 3). 

Ha cjie,n;yioH];HH roa b 03. JleBrn npou;ecc paccejieHHH ijecTOA coxpaHHJi Tanne >Ke 
xapaKTepHHe HepTH, nan h b npa^BiAymHH nepHOft. Hanajio HHBa3HH hphxoahjiocb 
Ha oceHB, MaKCHMyM 3kct8hchbhocth HHBa3HH — Ha BecHy, a JieTOM 3apa>KeHne 
ynajio ao HyjieBOH OTMeTKH. H b 3tom cjiynae KpnByio npopecca paccejieHHH mo>kho 
annpoKCHMHpoBaTB TpHroHOMeTpnHecKHM MHoroHjieHOM HeTBepTOH CTeneHH (pnc. 4). 

CpaBHeHHe TeopeTHHecKHx kphbbix npon;ecca paccejieHHH H3ynaeMHx rejiBMHH- 


1 Oj h 0 2 - flaHHbie no 03. OcTep, JI X n JI 2 — no 03. JleBrn 3a 1978 n 1979 rr. 
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tob H3 03. JleBrn, nojiynemiBix b pa3HBie ro^Bi HCCjie.n;oBaHHH, noKa3ajio, hto cxo- 
.Hhmoctb kphbbix H3ynaeMoro npoijecca BBiconaH (^^=0.97). 

TaKHM o6pa30M, jjamiBie cpaBHeHHH xapaKTepa paccejieHHH H3ynaeMoro napa- 
3HTa noKa3BiBaiOT, hto oh 6biji b nonyjiHijHH OKyHen b o6ohx BO^oeMax b pa3HBie 
rOflBI HCCJieflOBaHHH O^HHaKOB. 

ConocTaBJieHne chctcm OKyHB—npoTeoije^aJiioc h 3 ^Byx Bo^oeMOB, pasjiHHaKv- 
hjhxch no tpo^hocth, noKa3ajio cjieflyiomee. 

XapaKTep npon,ecca paccejieHHH b 3thx 03epax H^eHTHneH n KoppejiHTHBHan 
cbh3b kphbbix, OTo6pa>KaK)in;Hx xoa 3Toro npoijecca, 6jiH3Ka k e^HHHHie (ro^— 
=0.99; r Ol Ji 2 = 0*96; ^o 2 ji 2 =0.98; 70^=0.98). IIosTOMy mo>kho npeftnojioHuiTB, 
hto xapaKTep npoii;ecca paccejieHHH i^ecTOji; P. percae b nonyjiHijHH OKyHeii He 3a- 
bhcht ot tpo$hocth BojtoeMa. Ha 3 to yKa3BiBaiOT h paSoTBi AH^epceH (Andersen* 
1978) h npHMepa (Priemer, 1979). AH,n;epceH hphbo.o.ht jjamiBie no 3apa;neHHOCTH 
OKyHen b TeneHne ro.ua, nojiynemiBie npn HCCJie.no BaHHH HeSoJiBmoro ojinroTpo$- 
Horo 03epa b HopBernn. npnMep H3ynaJi 3apa>KeHHOCTB nonyjiHitHH onyHen b He- 
CKOJIBKHX Me30Tp0$HBIX BOflOeMaX B P^P H HpHBOflHT pe3yJIBTaTBI HO flHHaMHKe 
3apa>neHHOCTH pbi6 TaK>ne Ha npoTH^Kemm Bcero ro^a. B o6ohx cjiynanx b npo- 
pecce paccejieHHH npoTeon;e(|)aJiiocoB bh^hbi o6in;He nepTBi. Hanajio 3apa>KeHHH 
npnxo^HTCH Ha oceHB, 3aTeM b Tenemie 3HMHero nepno^a nponcxo^HT noBBimeHne 
SKCTeHCHBHOCTH HHBa3HH, b anpejie—Mae Ha6jno,n;aeTCH MaKCHMaJiBHoe KOJinnecTBO 
3apa>neHHBix pbi6 h k hiojiio onyHH ocBo6o>K,a;aioTCH ot pecToji;. 3th 3MnnpHHecKHe 
npHBBie, TaKH^e nan b HarneM cjiynae, bo3mo>kho annpoKCHMnpoBaTB TpnroHOMeTpH- 
necKHM hojihhomom. Ho3TOMy mo>kho npe.n;nojio}KHTB, hto npoii;ecc paccejieHHH 
n;ecTOA P. percae b nonyjiHitHH OKyHen, H3yneHHBiH hbmh h annpoKCHMHpoBaHHBiH 
TpnrOHOMeTpHHeCKHM MHOrOHJieHOM, HBJIHeTCH HOKa3aTejIBHBIM flJIH ^aHHOH CHCTeMBI 
napa3HT— xo3hhh. 

Ha ocHOBaHHH npo,o;ejiaHHoro aHajiH3a h jiHTepaTypHBix flaHHBix mohoio c^ejiam 
cjieji;yioin;He bbibo^bi. Ilpoitecc paccejieHHH npoTeon;e$ajiiocoB b nonyjiHitHH OKyHH 
M02KH0 OHHCaTB TpnrOHOMeTpHHeCKHM HOJIHHOMOM HeTBepTOH CTeneHH. H3yHaeMBIH 
npoijecc b CHCTeMe onyHB — npoTeon;e$aJiioc He 3aBHCHT ot tpo^hocth Bo.n;oeMa h 
b pa3HBie to^bi nccjie^oBaHHH xapaKTepHBie ero nepTBi He h3M6hhjihcb. IIosTOMy 
mo>kho npe.n;nojio}KHTB, hto CHCTeMa onyHB — npoTeon;e$ajiioc OTjinnaeTCH CTadnJiB- 
HOCTBIO napa3HT0X03HHHHBIX OTHOHieHHH. Bee BBIHienepeHHCJieHHOe H 03 B 0 JIHeT 
npHHHTB TpnroHOMeTpHHecKHH MHoronjieH neTBepToro nopn^Ka 3a MaTeMaTHHecnyio 
MO^ejiB npoijecca paccejieHHH n;ecTOA P. percae b nonyjiHijHH onyHen, Ha ochobc 
KOTopoH bo3mo>kho nporH03HpoBaHHe H3ynaeMoro npoijecca. 


JlHTepaTypa 


B p e e b K. A. IIpHMeHeHHe HeraTHBHO-dHHOMHajiBHoro pacnpe^ejieHHH fljm H3yueHHH nonyjm- 
ijhohhoh aKOJiornn napa3HTOB. JI. HayKa, 1972. 70 c. 

B p e e b K. A. IIpHMeHeHHe MaTeMaTHuecKnx mcto^ob b napa3HTOjiorHH. — H3b. Toe. HH-Ta 
03epH. h penH. pmdHoro xo3-Ba, 1976, bbih. 105, c. 109—125. 

T yTe pP. C., ObhhhckhhB. B. 9jieMeHTBi HHCJiemioro aHajiH3a h MaTeMaTHuecKon o6pa- 
6otkh pe3yjiLTaTOB ontiTa. M. On3MaTrH3, 1979. 355 c. 

K e h h e p K. 9KojiorHHecKan napa3HTOJiorHH. M. Mnp, 1978. 228 c. 

K o ji h T. AHaJiH3 nonyjiHH,HH ho3bohohhbix. M. Mnp, 1979. 362 c. 

KoHOBajioB G. M. ,5H<j)<j)epeHi],HaH;HH jioKajiBHbix cTaji; KpacHOH Oncorhynchus nerca (Wal- 
baum). JI. HayKa, 1971. 229 c. 

PyMinHCKHH JI. 3. MaTeMaTHnecKaa o6pa6oTKa pe3yjiBTaTOB aKcnepnMeHTa. M. Hayna* 
1971. 192 c. 

C ajia3KHH A. A. OcHOBHBie thhbi 03ep ryMH^HOH 30 hbi GGGP h hx 6HOJioro-npoflyKH,HOHHaa 
xapaKTepncTHKa. — H3b. Toe. HH-Ta 03epH. h peaH. pBiOHoro xo3-Ba, 1976, bbiii. 108. 191 c. 

O e p p o b K. II., JIacKHH B. <D. ABTOMaTH3HpoBaHHaa o6pa6oTKa rejiBMHHTOJiorHaecKHx 
MaTepnajiOB. Hoboch6hpck, 1980. 95 c. 

AndersenK. The helminths in the gut of perch (Perea fluviatilis L.) in a small oligotrophic 
lake in Southern Norway. — Z. Parasitenkunde, 1978, vol. 56, p. 17—27. 

CroftonH. D. A quantitative approach to the parasitism. — Parasitology, 1971a, vol. 62, 
p. 179—193. 

CroftonH. D. A model of the host-parasite relationships. — Parasitology, 1971b, vol. 63,. 
p. 343—364. 

Howard W. E. Innate and environmental dispersal of individual vertebrates. — Amer. 
Midland Nat., 1969, vol. 63, p. 152—161. 


375 



Pennycuick L. Frequency distributions of parasites in a population of three—spined 
sticklebacks (Gasterosteus aculeatus L.) with particular reference to the negative bino¬ 
mial distribution. — Parasitology, 1971, vol. 63, p. 389—406. 

Priemer I. Darmhelminthen von Perea fluviatilis (L.) und Acerina cernua (L.) (Pisces) 
aus Gewassern des Berliner Randgebietes. — Zool. Anz., 1979, Bd 203, H 3/4, S. 241—253. 

TollisG. M.,LeitonM. R. Stochastic model of populations of helminths parasites in the 
difinitive host. — Matematical Bioscienses, 1969, vol. 4, N 1—2, p. 39—48. 


MODELLING OF THE DISTRIBUTION PATTERN OF PROTEOCEPHALUS 
PERGAE (CESTOIDEA: PROTEOGEPHALIDAE) IN THE POPULATION 
OF DEFINITIVE HOSTS 

V. Ju. Jakushev, V. S. Ghizhov 
SUMMARY 

Seasonal dynamics of Perea fluviatilis L. infection with the cestode Proteocephalus percae 
Mull, was investigated in two lakes of Karelia. 2480 fishes were examined. It has been established 
that the annual cycle of the parasite distribution in the population of its definitive host can be 
modelled by means of trigonometric polynom of the fourth power. 



